Changing biodiversity can impact higher trophic levels, which may in turn influence food-web structure and ecosystem functioning. In this study, some floral resources were evaluated in the laboratory to assess their effect on the longevity of the fourth-trophic-level parasitoid Alloxysta victrix Westwood (Hymenoptera: Charipidae), which parasitises aphid parasitoids. When the hyperparasitoid was exposed to flowering buckwheat (Fagopyrum esculentum Moench cv. Katowase) or coriander (Coriandrum sativum L. cv. Slowbolt), it survived ten times longer than it did when fed on water only and five times longer with phacelia (Phacelia tanacetifolia Bentham cv. Balo) or sweet alyssum (Lobularia maritima L. cv. Carpet of Snow). Aphidius ervi Haliday (Hymenoptera: Braconidae) exposed to buckwheat survived, on average, between four to five times as long as those in the control (water) and those in phacelia, alyssum and coriander treatments survived three to four times as long as those in the control. These results indicate that floral resources deployed in conservation biocontrol should also be screened for their effects on the fourth trophic level. Modelling or field-cage experiments could be useful in elucidating the possible population and community consequences of deploying floral resources in agroecosystems to enhance biological control effectiveness.
INTRODUCTION
When floral resources such as nectar are added to agro-ecosystems to improve biological control effectiveness (Landis et al., 2000; Gurr et al., 2004; Lavandero et al., 2005; Zehnder et al., 2007; Zhu and Zhao, 2007) , the possible consequences of the addition of these resources on hyperparasitoids are usually ignored. Potentially, top-down trophic cascades can be disturbed by such an interaction.
Entomophagous arthropods are expected to benefit from diversification of plants and/or habitats within the field and at the landscape level by the provision of diverse food sources, places for hibernation, and shelter from the disturbances caused by agricultural practices (Altieri et al., 1993; Wratten and van Emden, 1995; Thies and Tscharntke, 1999; Sunderland and Samu, 2000) . For example, aphid parasitoids can feed on floral nectar, which can increase parasitism rates and longevity (Tylanakis et al., 2004; Araj et al., 2006; . interactions among parasitoid species and host-parasitoid population dynamics (Jervis et al., 1996) . The flower species and quality of nectar can also influence the extent of benefit to the parasitoid (Jervis et al., 1993) .
Honey and nectar usually produce the greatest adult longevity in the laboratory, compared with sucrose, honeydew, host food or water (Irvin et al., 1999) , although Tompkins et al. (2010) found no difference in parasitoid longevity between a wide range of sugar ratios in artificial nectars in laboratory parasitoid bioassays.
Aphids are attacked by hymenopterous parasitoids belonging to the Aphidiinae (Ichneumonoidea, Braconidae) and Aphelinidae (Chalcidoidea). These primary parasitoids deposit their eggs internally in the aphid, the larva normally killing the later instars or adult, which it attaches to the plant surface to form a mummy inside which pupation occurs. The primary parasitoids are parasitized by two groups of hyperparasitoids.
Members of the first group attack the mummy, regardless of whether it contains primary parasitoids or hyperparasitoids. They paralyse the mummy inhabitant and their larvae develop immediately (Sullivan, 1987) .
The second group group attacks the aphid before mummification and lays its eggs inside the body of the primary parasitoid larva. These hyperparasitoids, largely Cynipoidea, Charipidae, Alloxystinae, delay their development until the primary parasitoid has caused mummification (Sullivan, 1987) .
Alloxysta victrix is a koinobiont (i.e., it attacks exposed or weakly concealed active immature insects which continue to develop for some time after oviposition) (Gauld and Bolton, 1988 ) -an endophagous hyperparasitoid attaking parasitoid larvae in aphids before mummification (Sullivan, 1987) . Eggs of this hyperparasitoid hatch first after the aphid is mummified by the primary parasitoid and thereafter the larva starts to feed endophagously until it kills and completely consumes the parasitoid host. A. victrix seems to prefer Aphidiinae (Gutierrez and van den Bosch, 1970; Sullivan and Volkl, 1999; Brodeur, 2000) .
Aphidiid parasitoids often parasitise a small proportion of the available host resources of aphids in the field. This limited impact on aphid populations has often been attributed to hyperparasitism (Mackauer and Völkl, 1993) . A better understanding of how parasitoids and hyperparasitoids make use of floral subsidies will assist in the design of better biological control strategies via ècological engineering ́ (Gurr et al., 2004) . A. ervi is a cosmopolitan, solitary parasitoid (Marsh, 1977 ) and a major biological control agent of several aphid species on economically important crops (Powell, 1982) . A. victrix was selected for exploration because it has a narrower host range ( largly Aphidiinae (Brodeur, 2000) ) and may therefore have a greater potential impact on trophic cascades . Longevity has been used in this way as surrogate for ecological fitness for many parasitoids and hyperparasitoids in the past (Jervis et al., 1996; Irvin et al., 1999; Berndt et al., 2002; Tylanakis et al., 2004; Tompkins et al., 2010) , because it obviates lengthy and technically difficult experiments on other measures of ecological fitness.
Materials and Methods

Insect rearing
Pea aphids, Acyrthosiphon pisum Harris (Homoptera: Aphididae) were reared in the laboratory on potted Jordan Journal of Agricultural Sciences, Volume 9, No.1 2013 -65-plants of broad bean (Vicia faba L. cv. Cole's Dwarf). A clonal culture was started with one parthenogenic female aphid being confined on one leaflet using a clip cage as described by Noble (1958) . When the first 5-8 progeny had been produced, the female was discarded to ensure that the progeny were free of parasitoids. They were then reared on broad bean plants in Perspex cages (64×45×40 cm) with a nylon mesh door. The colony was maintained continuously as parthenogenetic females at 20 ±4°C and a RH 60-70% with a photoperiod of 16:8 h light:dark.
Light intensity was 122 µmol/m 2 /s.
Aphid mummies were collected from lucerne (Medicago sativa L. cv. Kaituna) fields, then put singly into 600 µl gelatine capsules and kept in a transparent polystyrene box (20×10×5 cm) under the above environmental conditions. When parasitoids or hyperparasitoids emerged, they were identified using the keys of Mertins (1985) . An Aphidius ervi Haliday (Hymenoptera: Braconidae) colony was established using 10 males and 10 females, which were presented with second-instar pea aphids. The culture was subsequently maintained under the same rearing conditions as those for the aphids.
A colony of A. victrix was established from individuals emerging from pea aphids parasitized by A. ervi which were collected from lucerne fields. 10 males and 10 females of A. victrix were reared on newly parasitised aphids (2-4 days after parasitism by A. ervi) and were maintained under the same conditions described above.
A. victrix was maintained by exposing broad bean plants, infested with parasitised aphids to the hyperparasitoid females at 7 days interval. 
Data analysis
Survival analysis was used to compare the effect of the treatments on the longevity of A. ervi and A. victrix by Statistical analyses were conducted using GenStat 7.
Results
A. ervi longevity
Survival in the controls was 3-4 days for A. ervi females and 2-3 days for males. With buckwheat, survival was 12-20 and 8-16 days for females and males, respectively. For phacelia, the equivalent data were 6-15 and 6-10 days, coriander 7-17 and 6-15 days and alyssum 7-16 and 5-14 days. Parasitoids exposed to buckwheat survived, on average, 4-5 times longer than those in the control and 3-4 times longer for the other flowering plants (Table 1 and Figs. 1A, B). Both female and male survival curves differed significantly between treatments. Females: (log-rank = 49.59, P < 0.001; Wilcoxon (Breslow) = 45.53, P < 0.001) (Fig. 1A) . Males (log-rank = 48.91, P < 0.001; Wilcoxon (Breslow) = 45.31, P < 0.001) (Fig. 1B) .
Figure 1. Kaplan-Meier estimates of survivorship functions of A. ervi A) females B) males in different treatments
Longevity was significantly different between treatments (F 4, 30 = 15.16, P < 0.001) ( Hyperparasitoids exposed to buckwheat and coriander survived, on average, 10 times as long as those in the control and 3-7 times on average between phacelia, alyssum and control (Table 1) . Longevity was significantly different among treatments (Table 1 and Figs. 2A, B). Female and male survival curves differed significantly between treatments (female: log-rank = 71.81, P < 0.001; Wilcoxon (Breslow) = 60.67, P < 0.001; male: log-rank = 69.75, P < 0.001; Wilcoxon (Breslow) = 58.97, P < 0.001) (Figs. 2A, B) .
Hyperparasitoids in the buckwheat and coriander treatments survived significantly longer than did those with phacelia or alyssum and hyperparasitoids with those two plant species survived significantly longer than did those in the control. it does for other parasitoid species (Vattala et al., 2006) , although nectar sugar ratios alone do not appear to explain plant species differences in experiments of this type (Tompkins et al., 2010) .
Buckwheat and coriander significantly increased longevity of A. victrix compared with the other flowering plants. This was consistent with results of other studies, which have shown that buckwheat Araj et al., 2006) and coriander (Irvin et al., 1999) have beneficial effects on other parasitoid species.
However, A. victrix longevity was not significantly different between buckwheat and coriander compared with that of D. aphidum (Araj et al., 2006) . In the latter work, buckwheat significantly increased D. aphidum longevity more than did the other flowering species tested. A. victrix could benefit from floral nectar to mature eggs and increase its longevity. Although A. victrix has lower realised fecundity (Buitenhuis et al., 2005) than does A. ervi (Araj et al., 2008) , the former lived 4.6 and 2 times longer than did A. ervi when they were provided with buckwheat and water, respectively. A. victrix with access to nectar could affect top-down trophic cascades and may increase aphid populations indirectly (Boenisch et al., 1997; van Veen et al., 2001) . In laboratory experiments, Holler et al. (1994) found that A. victrix produced a 'spacing and sex' pheromone, which increased the probability of dispersal by the primary parasitoid Aphidius uzbeckistanicus Luzhetzki.
This in turn led to a reduced risk of parasitism for its host, the aphid Sitobion avenae Fab. If the deployment of flowers in a cereal agro-ecosystem increased the abundance and longevity of these hyperparasitoids, their effect on the dispersal of the primary parasitoids could be significant and could limit the top-down effect of this parasitoid species.
Although a positive increase in A. victrix longevity occurred when it had fed on floral nectar, it remains unknown whether this would be translated into reduced biological control efficacy without field studies.
However, Shi (1986) showed by using field cages that the hyperparasitoid Syrphophagus aphidivorus Mayr (Hymenoptera: Encyrtidae) produced a substantial but incomplete breakdown of aphid control exerted by the primary parasitoid Trioxys communis Gahan.
Based on the results of the present study, further work on floral nectar effects on other insect hyperparasitoids is worthwhile. One of the essential variables that should be measured is the effect of higherfecundity hyperparasitoids such as Asaphes vulgaris Walker (Hymenoptera: Pteromalidae) (Brodeur and McNeil, 1994) and Syrphophagus aphidivorus Mayr (Hymenoptera: Encyrtidae) (Buitenhuis et al., 2004) -69-of flowering plants and aphid honeydew (Wäckers et al., 2008) . Selective biodiversity (Baggen et al., 1999) remains the key to future work in this area, as is the relationship between ecosystem function and biodiversity (van der Putten et al., 2001) . Modelling of the type carried out by Kean et al. (2003) is also useful in this respect, as are approaches such as path analysis (Mitchell, 2001) . These relationships are complex and increases of biodiversity in agriculture require an understanding of the role of increasing particular ecological traits (Tompkins et al., 2010) and their interactions with habitat (Tylianakis and Romo, 2010) .
